to analyse whether APC may be protective against ischaemiainduced apoptosis. For this purpose, coronary EC were exposed to simulated ischaemia (glucose-free anoxia, pH 6.4) with or without pre-treatment with acidosis. We found that APC significantly reduced the apoptotic rate of ischaemic EC owing to suppression of endoplasmic reticulum-and mitochondria-mediated pathways of apoptosis and that this phenomenon was associated with an increased expression of the anti-apoptotic protein Bcl-xL.
Methods

The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication
No. 85-23, revised 1996) .
Cell culture
Coronary EC were isolated from 250-to 300-g male Wistar rats and maintained in Eagle's minimal essential medium 199 supplemented with 10%
foetal calf serum and 10% newborn calf serum as previously described [11] . The purity of the cell culture (>95% EC) was confirmed by immunochemical staining with antibodies against vWF and by uptake of DiI-ac-LDL as previously described [12] . Experiments were performed with monolayers reaching 80-90% confluence, and 18 hrs prior to experiments serum content in the culture medium was reduced from 20% to 5%.
In vitro simulated ischaemia
To simulate ischaemic conditions, cells were treated with anoxia in combination with glucose-deprivation and acidosis as described previously [10] .
Dishes were incubated for 2 hrs at 37°C in a gas-tight chamber under continuous flush with a humidified gas mixture (95% N2 ϩ 5% CO2). Analysis of the buffer pH after 2 hrs of simulated ischaemia did not reveal any significant alteration.
Acidic pre-conditioning
Before simulated ischaemia, cells were exposed to acidosis in cell culture medium (pH 6.4) for 20-50 min. followed by a recovery period for [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] hrs in cell culture medium at pH 7.4 
Western blot
Western blot analysis was performed as described previously [14] . 
Analysis of cytosolic cytochrome C
Preparation of mitochondria-free cytosolic fractions was performed as described previously [15] . Equal (Fig. 2) (Fig. 3) . In addition, the analysis of procaspase-12 expression, which might influence the amount of cleaved caspase-12 during simulated ischaemia, also did not reveal any significant alteration in our study (Fig. 3) .
Results
Effect of acidic pre-conditioning on the rate of apoptosis
Under control conditions, that is, incubation of endothelial cells (EC
Acidic pre-conditioning did not affect expression of heat shock proteins
Aside from alterations in GRP78 and calreticulin expression, enhanced cellular levels of heat shock proteins (HSPs) have been reported to be induced by ischaemic pre-conditioning and can be protective against apoptosis [16] . Therefore, we tested whether APC may also increase steady-state expression of HSPs. Western blot analysis for HSP70, HSP32 and HSP27 expression was performed 14 hrs after APC, before simulated ischaemia. Surprisingly, no marked changes in the expression of these proteins could be detected (Fig. 4) .
Fig. 1 Effect of acidic pre-conditioning (APC) on caspase-3 activity and the number of apoptotic EC after 2 hrs of simulated ischaemia (SI). (A) Effect of acidic pre-treatment duration: 20-50 corresponds to pre-treatment with acidosis (pH 6.4) for 20-50 min. followed by 14 hrs of recovery period (pH 7.4) and 2 hrs of simulated ischaemia. Caspase-3 activity: *P = 0.001 versus SI; #P = 0.022 versus 20. Apoptotic cells: *P = 0.002 for 30 versus SI, P < 0.001 for 40 versus SI and P = 0.011 for 50 versus SI; §P < 0.001 for 40 versus 20 and P = 0.028 for 40 versus 30. (B) Effect of recovery period: 6-24 corresponds to incubation time for 6-24 hrs after 40-min. pre-treatment with acidosis followed by 2 hrs of simulated ischaemia. Caspase-3 activity: *P = 0.006 versus SI, Apoptotic cells: *P < 0.001 versus SI; #P = 0.002 versus 6. (C) Effect of acidic pre-treatment on caspase-3 activity and the number of apoptotic and necrotic EC during recovery period: 0-14 corresponds to incubation time for 0-14 hrs after 40-min. treatment with acidosis without following simulated ischaemia. Values are mean ± S.E.M., n = 6-11.
Acidic pre-conditioning augmented expression of Bcl-xL
Finally, we analysed the expression of Bcl-2 family proteins, known to be important regulators of apoptosis [17]. To test whether the observed anti-apoptotic effect of APC is associated with an alteration in the expression of these proteins, Western blot analysis of Bax, Bak, Bcl-2 and Bcl-xL proteins was performed. No significant changes were found in the expression of Bax, Bak and Bcl-2. In contrast, expression of the anti-apoptotic protein Bcl-xL was significantly increased 14 hrs after APC (Fig. 5).
Bcl-xL knock-down abolished the protective effect of acidic pre-conditioning
To further prove the idea whether over-expression of Bcl-xL might be a key mechanism in the APC-induced protection against ischaemic apoptosis, knock-down of Bcl-xL was performed before simulated ischaemia by treatment of EC with
Bcl-xL-specific siRNA. After 72-hrs treatment, the reduction of Bcl-xL by >90% was found (Fig. 6A) . Subsequent analysis of apoptosis revealed that the Bcl-xL knock-down completely abolished the protective effect of APC (Fig. 6B) . No significant difference in the number of necrotic cells was found between the groups. [10, 19] followed by an activation of
Discussion
The aim of the present study was to find out (i) whether acidic preconditioning (APC) can protect coronary EC against apoptosis induced by simulated ischaemia and (ii) which apoptotic pathways might be involved. The main findings are the following: (i) APC leads to a significant reduction of ischaemia-induced apoptosis. (ii) The mechanism responsible for the anti-apoptotic action of APC involves the inhibition of ER-and mitochondria-mediated pathways. (iii) The protective effect of APC is associated with an over-expression of the anti-apoptotic protein Bcl-xL, which seems to play a key role in the APC-induced protection. To simulate ischaemia, a combination of glucose-free anoxia with extra-cellular acidosis (pH 6.4) was applied in the present study. Such an extent of extra-cellular acidification is comparable to an in vivo myocardial ischaemia, where extra-cellular pH can drop to as low as 6.0 [18]. Our model of simulated ischaemia was characterized in previous studies, which suggested the importance of the acidification as an initial trigger for the cleavage of the ER-bound caspase-12
Fig. 2 Western blot analysis of cytosolic cytochrome C (A) and cleaved caspase-12 (B) prepared from extracts of control EC (Con) or EC exposed to simulated ischaemia (SI) without or after 40-min. acidic pretreatment followed by a 14-hrs recovery period (APC + SI). Data are representative of four independent experiments with similar results.
Fig. 3 Western blot analysis of procaspase-12, GRP78 and calreticulin prepared from extracts of control EC (Con) or EC after 40-min. acidic pretreatment followed by a 14-hrs recovery period (APC). Data are representative of three to four independent experiments with similar results.
caspase-3 and subsequent apoptosis. Several reports from other groups confirmed a pro-apoptotic potential of acidosis [14, 20] . Thus, cellular acidosis seems to be an important environmental stress factor leading to apoptosis.
In the present study, we proved the hypothesis that a short, harmless pre-treatment with acidosis may lead to an adaptation against the pro-apoptotic effect of simulated ischaemia. For this purpose EC were shortly exposed to a similar degree of acidosis (pH 6.4 
) that was used in our model of simulated ischaemia. Applying various protocols, we found that 40 min. of acidic exposure followed by a 14-hrs recovery period resulted in the best protective effect against ischaemic apoptosis.
A recent study by Thatte and colleagues [21] showed that 30-min and cytochrome C can lead to activation of caspase-3 [22] [23] [24] [25] . The mechanism of this anti-apoptotic effect of ischaemic pre-conditioning is still poorly understood. In line with our data, several reports suggested the suppression of the mitochondrial pathway by ischaemic pre-conditioning, indicated by a reduction of cytochrome C release [25] . A study by Hayashi et [23, 26] as well as an induction of ER chaperones [24] and HSPs [16] [27, 28] [29] . Regarding the present study, a short acidic exposure has been shown to activate MAP-kinases and PI3-kinase dependent signalling pathways [30, 31] 
